Let £1 c: R^ be an unbounded domain with smooth boundary 9O. We consider the mixed initial-boundary value problem For solution w (t} of(l.l), we simply write and call it the energy of w (t) at time t.
§1. Introduction
Let £1 c: R^ be an unbounded domain with smooth boundary 9O. We consider the mixed initial-boundary value problem 
wn-Aw + b(x, t)w t = Q, (x, t) eO X (
for any £ >0.
Since b(x, t] > 0, &(#, 0 t^ represents a friction of viscous type, and we see from (1.4) that the energy || w(t) III of solution w(t) is decreasing in £ >0. Thus, a question naturally rises whether it decays or not as t goes to infinity.
The decay and nondecay problems have been studied in works of Matsumura [1] and Mochizuki [2] , [3] in case where £l=R N . It is proved in [1] that the energy decays if b 0 (l + r + t) " 1 < b( x, t) < bi (r = U|)and b t (x, t) < 0. (Note that Matsumura's result is restricted to the compactly supported initial data. Its noncompact version is given in [3] .) On the other hand, it is proved in [2] , [3] that if 0 < b(x, t) < b 2 (l + r) ~r, 7 > 1, then the energy does not in general decay and every solution with finite energy is asymptotically free as t-*°°.
From these results we see that if b(x, t) = 0(r~r) as r=\x\^> 0°, then 7 -! is the critical exponent of energy decay. Our purpose of the present paper is to improve this result. We consider the case b(x, t} =o(f~1} and obtain the critical exponent of logarithmic order.
In order to state the assumption on b(x, t) , we define the positive number e n and the function log 
As we shall show in Lemma 3.3, if N and O satisfies the conditions in (A2), then we have
for some C>0 independent of /-i/i, / With this inequality, our results on energy nondecay and asymptotics are summarized in the following Theorem 2. Assume (A2). (a) Let f={fi, f 2 } ^ Eandw 0 (t) be the solution to (1.7). We choose a >0 to satisfy Our argument on the decay property is based on a weighted energy inequality. So, the same results as Theorem 1 can be obtained also for the problem with Neumann or Robin boundary condition. On the other hand, to show Theorem 2 we combine the usual energy estimate and inequality (1.8) . A similar treatment is found e.g., in [3] .
In the case where O is bounded, there are many works on the energy decay. However, in the case of unbounded domain there are not so many works other than[l], [3] . We refer here Nakao [5] and Zuazua [7] , where are treated the Klein-Gordon equations with dissipative term. As for the energy nondecay, another approach is developed in Rauch-Taylor [6] for b (x, t) with compact support in x.
Theorems 1 and 2 are proved in § 2 and § 3, respectively. In § 4 we remark that our proof of the energy decay can be applied to some quasilinear wave equations. Integrate by parts (4.4) over R^x (0, t) . Then since w (t) has a finite propagation speed, noting (4. 2) and (4.5), we can follow the proof of Lemma 2.1 to conclude the assertion.
As in § 2, we can easily prove the following theorem with this lemma. Remark. A similar result on the energy decay can be obtained for equations with nonlinear dissipation b(x, t)\w t \ p~l w t under suitable restrictions on b (x, t) and p > 1 as given in [4] , where is studied decay and nondecay properties for semilinear equations.
1) . If w(t) is global, then its energy decays as t goes to infinity. More precisely, there exists a K-K(WQ, w\, n) > 0 such that

